As a generalization of the optical Schroedinger cats discrete and continuous sets of coherent states are considered on a circle and on a straight line in the a-plane. The interference fringes between the coherent states of the Schroedinger cats form the characteristic pattern of the nonclassical states in Wigner function picture. Continuos superpositions of coherent states on these one -dimensional manifolds can serve as an orthonormal basis for representation of any states.
INTRODUCTION
There has been considerable interest in the properties of superpositions of macroscopically distinguishable quantum states of light known as "Schroedinger -cat states ". Various non -classical effects emerge due.to the quantum interference between the components of superposed coherent states, e.g. quadrature squeezing , sub -Poissonian photon statistics, oscillation in photon number distribution and amplitude squeezing [1 -7] . We shall analyze different Schroedinger cat states, their connection to squeezing and we show that continuous superposition of coherent states on a one -dimensional manifold in phase space is an alternative representation of the quantum states of light.
DISCRETE SUPERPOSITIONS Let us consider a superposition of m coherent states on a circle
In,m,{p>0)=c",m,p,wEpk(5k)"1R(5k)> 8k=e'9k j=L2J' (1) k= -j where pk's are real coefficients, the angles rpk define the place of the coherent states on the circle and the modulation factors 4. 's were chosen so that they correspond to the continuous superposition leading to the n number state. The Wigner function of this state has the form W(a) =Cn,m,p, EPkPI( Sk*)"( 81)" exp [Rz81 *8k-R2-2(a-RSk)(a *-R(51 *)]. (2) The simplest choices are m =1, n =0 and 1. The first describes the even, the second one the odd coherent state.
The Wigner function of the simplest superposition state, the even coherent state shows a strong quantum mechanical interference (Fig. 1) . Two Gaussian bells represent the two coherent states and the fringe between them occurs due to the interference. The wavelength of the fringes are reciprocally proportional to the distance between the coherent states. The closer the coherent states to each other the less peaks are significant in the fringe. In the case when the fringe partly merges with the two bells the spread of the Wigner function in the direction of the imaginary axis becomes less than that of a coherent state i. e. the state is squeezed in momentum [3 -5] . The fringe structure gets more complicated as the number of the coherent states taking part in the superposition increases. In the case of a few equidistantly distributed coherent states they preserve their individuality and the even coherent state feature is also maintained in pairs. Nevertheless the effect of the collective interference can be seen as the inner peaks curve to form rings around the center of the phase space (Fig. 2) . For large number of superposed coherent states the resulting state will approximate a number state with photon number equal to the modulation number. Interesting to note that by adding just one coherent state to a state with very large photon number uncertainty it may convert it into an almost number state (Fig. 3 ).
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DISCRETE SUPERPOSITIONS
Let us consider a superposition of m coherent states on a circle
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where pk s are real coefficients, the angles <pk define the place of the coherent states on the circle and the modulation factors 's were chosen so that they correspond to the continuous superposition leading to the n number state. The Wigner function of this state has the form
l,k=-j
The simplest choices are m = 1, n =0 and 1. The first describes the even, the second one the odd coherent state. The Wigner function of the simplest superposition state, the even coherent state shows a strong quantum mechanical interference (Fig. 1) . Two Gaussian bells represent the two coherent states and the fringe between them occurs due to the interference. The wavelength of the fringes are reciprocally proportional to the distance between the coherent states. The closer the coherent states to each other the less peaks are significant in the fringe. In the case when the fringe partly merges with the two bells the spread of the Wigner function in the direction of the imaginary axis becomes less than that of a coherent state i. e. the state is squeezed in momentum [3] [4] [5] , The fringe structure gets more complicated as the number of the coherent states taking part in the superposition increases.
In the case of a few equidistantly distributed coherent states they preserve their individuality and the even coherent state feature is also maintained in pairs. Nevertheless the effect of the collective interference can be seen as the inner peaks curve to form rings around the center of the phase space (Fig. 2) . For large number of superposed coherent states the resulting state will approximate a number state with photon number equal to the modulation number. Interesting to note that by adding just one coherent state to a state with veiy large photon number uncertainty it may convert it into an almost number state (Fig. 3) .
We optimized the values of the weights and positions of in coherent states and the corresponding minimized variances of the photon numbers for a circle with radius R =3 . The other obvious generalization of the even Schroedinger cat state is a distribution of coherent states along a straight line.
Optimizing the distance between two coherent states on the real axis of the a -plane for the even coherent state
Ix,e)= cxe(Ix) +I -x)) (3) to minimize the uncertainty of the Hermitian quadrature a2 of the annihilation operator a = at + ia2 we found for (Aa2 )2 0.111 instead of 0.25 for the vacuum state. This squeezing can be further increased by adding the vacuum state to the even coherent state up to (Da2)2 = 0.065. This procedure can be repeated any times adding new and new Schroedinger cats to the state. The continuous distribution emerging as a limit from this procedure is discussed in Sec. 4.
CONTINUOUS SUPERPOSITION ON A CIRCLE
The number states can be represented on circles with arbitrary radius by continuous superposition. The modulation determines the number state on the following way ,
Let us now consider a state emerging from continuous superposition of coherent states lying on the same circle For a coherent state we find the circle weight function F from Eq. (9) e I/2
Let us consider a state described by its Glauber's analytic function f (a* )
ID= i ff(a *)e-ßo2 /2I a)d2a,
If we chose the radius of the circle big enough so that the integration over the a -plane in Eq. (11) 
Let us now consider a state emerging from continuous superposition of coherent states lying on the same circle
lx J For the Fock-state |rt) we have a simple weight function
It means that for a state with a Fock state representation 00 I > = 2/«lw>> (7)
M-0 the F(<p) weight function of the circle representation has Fourier coefficients
Fn=4n\RT"cn,
where oo F(p) = 2y"Tfv (
«-0 For a coherent state we find the circle weight function F from Eq. (9)
F(a,<p) = R eiq> e~|g2|/2
Rei<p -a |o| <R.
Let us consider a state described by its Glauber's analytic function /(a*)
If we chose the radius of the circle big enough so that the integration over the a-plane in Eq. (11) can be replaced by an integration inside the circle 
This way we have shown that using only those coherent states that lie on a circle with a given radius one can construct any physical state. The equal distribution of coherent states leads to a Fock state, here the photon number is determined by the modulation factor. Another simple case is the Gaussian distribution resulting in amplitude squeezing [3, 8] ,
where c is an insignificant normalization coefficient, u determines the width of the distribution, ao its origin and tS is a free modulation constant. For u -a 0 and 8= n we get back the expression of n number state in Eq. (4). For u -> oo the distribution contracts into the coherent state.
CONTINUOUS SUPERPOSITION ALONG A STRAIGHT LINE
A striking feature of the one dimensional superpositions of coherent states is that continuing the procedure of adding more even coherent states to a multiple Schroedinger cat state described at the end of Sec. 2 we can get any degree of quadrature squeezing. In fact a simple Gaussian distribution of coherent states along a straight line is the usual squeezed vacuum [3,5,9 -10] . New states can be created from the squeezed vacuum by deexcitations [11] 411+ ? 'f, fxnexp(_x2Iy)Ix)dx. 
The states Ihn) are orthonormalized, the projection operator constructed from them Ph hn)(hnI is a unity operator that n =0
shows that any state can be represented by them. Reiq> -a d2 a,
where c is an insignificant normalization coefficient, u determines the width of the distribution, a0 its origin and 8 is a free modulation constant. For u -» 0 and 8=n we get back the expression of n number state in Eq. (4). For u -> oo the distribution contracts into the coherent state.
A striking feature of the one dimensional superpositions of coherent states is that continuing the procedure of adding more even coherent states to a multiple Schroedinger cat state described at the end of Sec. 2 we can get any degree of quadrature squeezing. In fact a simple Gaussian distribution of coherent states along a straight line is the usual squeezed vacuum ' 4(1 + y2) New states can be created from the squeezed vacuum by deexcitations [11] 
One can combine these states into a remarkable set of states
(18)
The states |h") are orthonormalized, the projection operator constructed from them Ph = / )hn)(hn\ is a unity operator that We examined the problem of quantum mechanical interference of multiple Schroedinger cat states consisting of coherent states on the same circle or along a straight line. It was shown that with the increase of the number of the coherent states the fringes between two coherent states of a Schroedinger cat can interfere constructively forming pattern which lead to a reduction in the variance of the photon number in case of a circle distribution and that of the corresponding quadrature in case of a straight line distribution. We found the optimal distribution of given number of coherent states on a circle having the maximal amplitude squeezing. In the case of a few coherent states the optimal distribution was asymmetric, while above a certain threshold in the number of coherent states depending on the radius of the circle it turned out to be symmetric.
We considered the continuous superpositions and found that coherent states on a circle or along a straight line form a complete set to describe any state of the quantum oscillator. We determined the connection between the circlerepresentation on one hand and the photon number representation and the Glauber -Klauder -Sudarshan representation on the other hand.
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This work was supported by the National Research Foundation of Hungary (OTKA) under contract 1444. On the contrary, if the coherent states are near enough, the fringe has only several peaks, which partly merging with the bells of the coherent sates decrease the uncertainty of one of the quadratures below the vacuum level. Fig. 2 . The Wigner function of a superposition of 4 coherent states evenly distributed along a circle with radius 3. One can still distinguish the bells of the coherent states, the fringes between the nearest neighbours but around the center of the picture the effect of the collective interference can be noticed to begin forming rings. Fig. 3b) .
62 / SPIE Vol. 1983 Optics as a Key to High Technology (1993) Fig. 3 . The transition between a rather complicated state with high photon number uncertainty and a practically number state sometimes is quite dramatical . Fig 3a shows a state consisting of 20 coherent states along a circle with modulation factor 20. Its mean photon number is 16.67 and its square photon number uncertainty 55.58. Just adding one more coherent state and keeping the same modulation its mean photon number becomes 20 and the square photon number uncertainty less than 10"7 ( Fig. 3b) .
